Abstract. Based on practical slope engineering, analysis model of seepage-stress coupling under continuous rainfall condition was established by Geo-Studio (geotechnical analysis software). The dynamic change process of slope safety factors with time was analyzed. The results show that in the same Infiltration, slope under small intensity but long duration rainfall has lower safety factor and higher risk. In this unfavorable condition, analyzed and optimized the retaining structure of the antislide piles, and puts forward the optimization of landslide treatment scheme and the rainfall instability threshold of the slope. The practical application shows that the treatment effect is obvious. The analysis method is simple and practical, which can provide reference for similar slope engineering analysis and management.
Introduction
According to the statistics, rainfall as one of the most important factor of slope instability caused more than 90% landslide disasters in South and Southwest China [1] . With the improvement of unsaturated soil theoretical research, The study on the influence of rainfall infiltration on slope is increasingly in-depth. In numerical simulation, Guorong Li [2] analyzed the change of soil moisture content and shear strength, the result shows that rainfall infiltration will make the stress concentration range and displacement of slope increase significantly. In the model test, Hungchou Lin [3] studied the failure forms and characteristics of soil slope by simulating rainfall conditions, made a suggestion that intensity and accumulation of rainfall can be used as the two baseline parameters for rainfall warning. Anti-slide pile is widely studied and applied in slope reinforcement or landslide treatment because of its good applicability and obvious effect. Through indoor model test, Qiurong Yan [4] concluded that supporting structure like anti-slide pile has significant restrictions in slope displacement. Zihang Dai [5] simulated the landslide thrust by imposing horizontal load, and revealed the force and deformation characteristics of anti-slide pile under landslide thrust. To analyze the sensitivity of anti-slide pile parameters, Xin Jiang [6] established a centrifugal model of anti-slide pile reinforcement, and compared the sensitivity of anti-slide pile design parameters.
Most of the researches on slope reinforcement neglect the influence of seepage field, because rainfall infiltration is a complex dynamic process both in time and space. Based on the seepage-stress coupling analysis model, the influence of rainfall on slope stability is analyzed. More over, the effect of different parameters of anti-slide pile in slope stability is also calculated. At last, the reinforcement scheme of anti -slide pile is put forward when taking all the factors into consideration.
Project Overview
The geomorphic type of the slope engineering belongs to low hilly landform, which is roughly eastwest direction and the vegetation development is in general. Geological conditions are relatively simple, the main composition is Quaternary residual slope silty clay and muddy siltstone as the bedrock. As the slope area is subtropical humid climate zone, abundant rainfall have a serious influence on accelerating slope erosion. Landslide was happened after the continuous rainfall. The crack, length of 3～5m, width of 20～60cm, developed in slope surface brought serious threat to life and property of villagers under the hillside. After the landslide, terrain from north to south was a stepped ramp, with a gradient of 25°～28°. The landslide is half elliptical in the plane shape and curved in back. The front edge of the landslide is steep and the posterior margin is gentle. The width of the landslide is about 50m, length is about 36m, and the volume is about 7.2×10 3 m 3 . The type of the landslide belongs to small migration type bedding rock mass.
Dynamic Stability Analysis of Slope Based on Seepage-Stress Model Calculation Model
In order to analyze the effect of rainfall infiltration and realize the coupling of seepage and stress, a finite element model was established by Geo-Studio, a specialized software for seepage analysis of unsaturated soil. The model is 85m long and 39 m high, the size and meshing are shown in Figure 1 . In order to improve the accuracy of the results, grids near slope surface are encrypted. The number of grid nodes is 1413 and the number of cells is 1359. 
Boundary Conditions
In the coupling analysis, each element node must satisfy three equations: two equilibrium equations (displacement) and one seepage continuity equation (pore water pressure). For simultaneous solution of that two equations, two types of boundary conditions: displacement boundary condition and hydraulic boundary condition need to be defined separately. In this coupling model, the displacement boundary conditions are as follows: horizontal and vertical constraints are imposed at the bottom of the model, and horizontal constraints are imposed on the left and right sides. The hydraulic boundary conditions are: the bottom of the model is set as impermeable boundary, and the top and the slope surface are set as flow boundary.
To analyze the effect of different rainfall characteristics on slope stability, two kinds of rainfall conditions were simulated respectively: in case1, rainfall intensity of 1.5×10 -5 m/s (according to the local maximum hourly rainfall in 20 years) lasted 3 hours; in case2, rainfall intensity is 1.75×10 -6 m/s (according to the local maximum daily rainfall in 20 years), the rainfall lasted 24 hours.
Calculated Parameters
According to the soil information and test parameters provided by the survey report, combined with engineering experience, the calculated parameters of material as shown in Table 1 .
Results and Analysis
Slope stability factor is the index of slope stability. In order to analyze the dynamic change of stability with time under different rainfall conditions, the curve of stability factor with rainfall time is drawn according to calculated results, as shown in Figure 2 .
The results in Figure 2 show that in both cases, the trend of stability factor with time is similar: decline first, then rise. This is because rainfall expands the saturation area of the slope and makes the pore water pressure increase until affected area is fully saturated, which reduces the shear force of the potential sliding surface. At the same time, the weight of slope increases constantly, thus causes the increase of sliding force. So the stability factor of the saturated zone decreases first. When the rainfall stopped, there was no abrupt change of the stability factor, which indicating that the dissipation of pore water pressure is not instantaneous, but gradual, and the stability factor increases with time after the rainfall stop. Based on the analysis above, it is suggested that monitoring and patrol should be strengthened before and after the rainfall, which is the most unstable period of slope. In Figure 2 , case 1 represents a large intensity, short duration rainfall condition, and case 2 represents less intense but long duration rainfall condition. The minimum stability factor of case 1 and 2 are 0.842 and 0.714, which means that the rainfall conditions in case 2 is more harmful to the slope. The results show that the duration of rainfall has a great influence on the stability of slope. Before the saturation of the affected area of slope, the longer the rainfall duration is, the lower the stability factor is. As the most unfavorable condition, this rainfall condition can be used as one of the most important analysis conditions of slope treatment. 
Anti-Slide Pile Design Analysis
In order to control the further deformation, the unstable slope is reinforced by anti-slide pile. The most unfavorable rainfall condition is taken into consideration in the design. In order to select reasonable design parameters, the above analysis model is adopted to analyze the influence of antislide pile spacing, pile size and concrete type on slope stability. The results are shown in Figure 3 . Three curves in Figure 3 show that: in 0 to 8 hours, the curve changes less, 8 to 20 hours of steeper change, and 20 to 24 hours, the curve approaches the level. So the cumulative rainfall of 20 hours of 126mm can be used as the rainfall monitoring alarm value. The above curves are mainly affected by the unsaturated characteristics of soils, and the matrix suction of unsaturated soils decreases with the increasing water content. This indicates that unsaturated soils are strongly influenced by soil matrix suction which cannot be neglected in slope reinforcement treatment. And it is more economical when consider matrix suction.
It is shown in Figure 3 that the slope stability factor increases with pile spacing, pile size and pile concrete strength. The safety grade of the slope is grade II, and the target safety factor of treatment is 1.30. It is required that the minimum stability factor of the slope under the design parameters of each pile should not be less than 1.30. While the economic rationality of the treatment scheme should also be taken into consideration. As can be seen from Figure3, the most appropriate parameters of antislide pile are size of 2.0m×1.8m, spacing 4.0m, concrete strength of C30 .
Conclusion
(1) Under the rainfall condition, the dynamic stability factor of the slope decreases with the increase of time. After the rainfall stops, the pore water pressure decreases, the matrix suction increases, and the slope stability factor also increases. The slope stability factor is the lowest in the period before and after the stop of rainfall, and it is suggested that the slope monitoring and patrol should be strengthened.
(2) Based on the seepage-stress coupling analysis model, the effect of matrix suction can be considered in the treatment, which is more economical and reasonable on the basis of safety. It also can provide corresponding rainfall monitoring alarm threshold for the project, which has great practical significance.
(3) The anti -slide piles with the size of 2.0m×1.8m and the spacing of 4.0m, concrete strength of C30, were selected and applied in the practical engineering, and the treatment effect was obvious.
(4) Based on the seepage-stress coupling model, the analysis of dynamic stability factor under rainfall infiltration and the optimization method of treatment structure of slope can provide reference for similar engineering management research, which has great theoretical and practical value.
